phenomenon does not exist in the counting chamber with a 0.1 mm counting cell. Due to the siphon effect, the low depth counting cell may result in a low counting result. 10, 11 At present, the universal counting cell depth of the Neubauer counting chamber is 0.1 mm.
Neubauer counting chamber is widely used to count cells in body fluid, and its result is generally considered to be "gold standard." Despite this, there are many shortcomings in the Neubauer counting chamber that need further improvement. [11] [12] [13] For example, when counting with a Neubauer counting chamber, there are usually a lot of border cells on the four outer lines of each counting square. The conventional method only counts cells on one side of the upper and the lower boundaries and one side of the left and the right boundaries. The sum of cells on the two outer lines is used as the total number of cells on border. 14 However, the premise of such counting is that the cells on the outer lines are evenly distributed; otherwise, it will cause a large shift in the counting result.
Here, we improved the conventional method by counting the cell number on all the outer lines, which was further divided by two to serve as the valid border cells. While, for those distributed inside each counting square, the conventional counting method was used.
The counting accuracy and error of the conventional method and the improved method were compared. Economics Association. After counting analysis, the average number of RBCs in all blood samples was (4.39 ± 0.53) × 10 12 /L, the maximum value of RBCs was 6.05 × 10 12 /L, and the minimum value of RBCs was 3.24 × 10 12 /L.
| MATERIAL AND ME THODS

| Sample collection
| Counting instruments and reagents
The standard value of red blood cells (RBCs) for each blood sample was detected by a KX-21 automatic blood cell analyzer (SYSMES, KOBE, Japan) or an XN-1000i automatic blood cell analyzer (SYSMES, KOBE, Japan). In order to reduce the error, the KX-21 and the XN-1000i blood cell analyzer were calibrated before use, and their maximum error was <5%.
Improved Neubauer counting chamber (Shanghai Qijing
Biochemical Instrument Co., Ltd.) was used. The depth of counting cell is 0.1 mm, and the counting area is 0.3 mm 2 . The four corners and the central medium square of the central large square were used for RBC counting. Cells were counted under the microscope (Ningbo Haoyu Instrument Co., Ltd.). Hemoglobin pipette (Shandong Osset Medical Devices Co., Ltd.) was used for sample preparation. The homemade RBCs dilution solution was 3.13% (m/v) tri-sodium citrate. 
| Sample preparation and cell counting
| Definitions
The error between the conventional method and standard value was shown as Ec, while the error between the improved method and standard value was shown as Ei. When the sample with Ec and Ei was both <10%, the sample was considered valid. In all the valid samples, the samples with Ec and Ei both <2% were classified as "low error samples." The samples were classified as "medium error samples" when both Ec and Ei <5%, with at least one of them no <2%. The remaining valid samples were classified as "high error samples." During statistical analysis, the "low error samples" and the "medium error samples" were further grouped into "medium-low error samples"; and, the "medium error samples" and the "high error samples" were further grouped into "medium-high error samples." Compared with the standard values, the results of the two manual counting methods were defined as "both big," "inconsistent," and "both small." There were two reference values for the distributing uniformity of the border cells, which were the absolute difference (A) and the ratio (R). They were calculated according to the following formula: The nonparametric independent sample t test was used for comparison. The correlation analysis was performed by using Spearman's test. The chi-square test was used to analyze whether the two counting methods have independent effect on the counting error.
| Statistical analysis
Binary logistic regression and receiver operating characteristic (ROC) curves were used to determine the correlation between the distributing uniformity of the border cells and the counting error.
The difference was statistically significant if P < .05.
| RE SULTS
| The counting results
Of all the 416 blood samples, 158 samples were excluded due to large errors, and 258 samples were valid. Compared with the standard values obtained by the automatic analyzer, the counting results of the two manual methods revealed that the count value was higher than their standard values in 111 samples, and lower in 108 samples, and not consistent in 39 samples. The average number of RBCs in each blood sample distributed on the upper left and lower right border lines was about 70.42 ± 22.62 cells/L and 70.44 ± 22.65 cells/L, respectively, and the difference between these two was not significant (P > .05).
Additionally, there was no significant difference among the average number of RBCs calculated by the conventional method, improved method, and the automatic blood cell analyzer (P > .05).
| The frequency analysis of lower error between the improved counting method and the conventional counting method
The frequency analysis and chi-square test of the error were performed on the counting results of the two methods ( Table 1) . The results showed that in all valid samples, the improved counting method had a significant advantage over the conventional method in controlling the number of error specimens (P < .05).
| Significant differences in the mean Ec/Ei were shown in the improved counting method
Nonparametric independent sample t test analysis for difference of the mean Ec and Ei were shown in Table 2 . In all the valid samples and the low/high error samples, the error between the improved method and the standard value was significantly smaller than that between the conventional method and the standard value (P < .05).
| Correlation analysis between the two manual counting value and standard values
A nonparametric correlation test was performed on the results of the two counting methods and the standard values (Table 3 ). In the four groups of samples, the counting results of the two methods had a very high positive correlation with the standard values (r > .9, P < .001). In addition, the correlation between the counting results of the improved methods and the standard values was higher than the correlation between the conventional method counting results and the standard values, indicating that the improved counting method is more reliable.
| Significant differences in the ratio of the distributing uniformity of the border cells were shown in different sample groups
Nonparametric independent sample t test was performed on the absolute difference and ratio of the distributing uniformity of the border cells in high, medium and low error sample groups ( Table 4 ). The results showed that there was a significant difference in the ratio of 
| Error controlling analysis by four binary logistic regression models
The 
| ROC curve analysis of the ratio or the absolute difference of the distributing uniformity of the border cells for predicting the counting error
In order to distinguish between the "low error samples" and the "medium-high error samples," the ROC curves were plotted using the absolute difference and ratio of the distributing uniformity of the border cells. As shown in Figure 1 Therefore, the ratio of the distributing uniformity of the border cells was much better than the absolute difference for distinguishing the "medium-low error samples" and the "high error samples."
| D ISCUSS I ON
Our study revealed that in all valid samples, the average of the counting error of the improved counting method was significantly TA B L E 2 The average value of the difference between the count result and the standard value of each group of samples by using the two counting methods (mean ± SD, ×10 12 /L)
Groups
The conventional method
The improved method Z P smaller than that of the conventional counting method. And similar result was also shown in the low error samples and the high error samples. Additionally, in all the valid samples, the results of the two counting methods were significantly correlated with the standard values. Moreover, the correlation between the counting results of each group using the improved counting method and the standard value was better than the conventional counting method. It is suggested that the improved counting method is more reliable, which is consistent with the report of Zhang et al. 15 Meanwhile, our study also found that among all the valid samples, 55.814% of the samples had more accurate results by using the improved method, 38.372%
of the samples showed more accurate results by using the conventional method, and 5.814% of the errors were the same by using the two counting methods. This difference was statistically significant. However, this significance was not reported by Zhang et al 15 Moreover, our study innovatively introduced the probability of "the distributing uniformity of the border cells" and used its absolute difference and ratio as reference. When the absolute difference was close to zero or R close to one, it was considered as an ideal distributing uniformity of the border cells. Moreover, we found that absolute personnel are constantly developing new methods. 16 In order to cope with the possible distribution error, our group carefully analyzed the principle of "Poisson distribution" 17 and filtered the sample with large TA B L E 5 Binary logistic regression analysis was performed on the counting error according to the standard value of RBCs number, the distributing uniformity of the border cells, and relationship between the two method and standard value 
The ROC curve analysis of the absolute difference and ratio of the distributing uniformity of the border cells, and the "low error sample" and the "medium-high error sample" were analyzed F I G U R E 2 The ROC curve analysis of the absolute difference and ratio of the distributing uniformity of the border cells, and the "low-medium error sample" and the "high error sample" were analyzed distribution error by calculating the distributing uniformity of the border cells. During the experiment, we strictly controlled the operation error. For example, the blood cell transportation process may be affected by many factors. To avoid errors caused by the sample, we used EDTA-2K anticoagulant sample to protect red blood cells from agglutination or hemolysis. 18, 19 Another study reported that a properly positioned coverslip should have several iridescence lines visible where the coverslip is attached to the counting chamber and should not be easily dislodged. 11 In this study, we also carefully examined the thickness of the coverslip to ensure its well match with the counting chamber.
There are several limitations in this study. For example, although our improved method had a significant effect on controlling the count error, the improvement was not big. Additionally, any changes and updates to analytical methods should be based on simplified operations and quality improvement. 11 Our improved counting method increases the counting of border cells, which would lead to more time costs. Further studies are warranted.
In conclusion, compared with the conventional method, the improved counting method reduces the counting error of the Neubauer counting chamber to some extent. Meanwhile, the improved counting method improves the counting methods of border cells, which can evaluate the distributing uniformity of samples and help eliminate the samples with large distribution errors in time.
